Abstract-The Electromagnetic Calorimeter of the CMS experiment has been designed to achieve a high precision in photon and electron energy measurements at LHC. The status of the project will be discussed, together with recent results on performances of final components in beam tests.
I. INTRODUCTION
The Compact Muon Solenoid (CMS) detector [1] is a general purpose detector to be installed at the LHC at CERN. The main physics goals of the CMS experiment are the discovery of the Higgs boson and the search for new physics phenomena, in particular the appearance of particles predicted by supersymmetric theories. For a mass lower than 150 GeV, the Higgs decay in two photons is the cleanest channel for the discovery. In this mass range the width is very narrow, but the signal will lie above an irreducible background: this led to the choice of a high resolution electromagnetic calorimeter.
The electromagnetic calorimeter (ECAL) [2] of CMS is a hermetic homogeneous calorimeter with 61,200 lead tungstate (PbWO4) crystals in the barrel part, covering the central rapidity region lri <1.48, closed by 7,324 crystals in each of two end-caps which extend the coverage up to rlJ=3. It will be mounted inside a 4 Tesla superconducting solenoid. The scale of this detector is an order of magnitude larger than crystal calorimeters of the previous generation experiments. The target value of the energy resolution of the calorimeter at high energies is less than 0.5%.
With this detector a Higgs boson with a mass of 120 GeV could be observed by CMS with 5 a significance collecting less than 10 fb 1 at luminosity 2-1033 cm 2s-1 [3] .
II. CRYSTALS
The choice of PbWO4 has led to a compact high resolution calorimeter: lead tungstate has high density (8.3 g/cm3) and short radiation length (8.9 The crystals are produced in the Bogoroditsk plant (Russia) and a small fraction in the Shanghai Institute of Ceramic (SICCAS, China) and after delivery their dimensions, light yield and transmission, longitudinal uniformity and radiation resistance are checked. More than 90% of the barrel crystals have been delivered, while end-cap crystal delivery will be completed in 2008.
The crystals have to withstand the high ionizing radiation levels anticipated during LHC running. This causes a wavelength dependent loss of light transmission without changes to the scintillation mechanism. The damage reaches a dose-rate dependent equilibrium level which results from a balance between damage and recovery. This effect can be effectively tracked and corrected for by monitoring the optical transparency with injected light, provided by a fiberdistributed laser system operating at two different wavelengths (440 and 796 nm). The result of the correction procedure [4] is shown in Fig. 1 , where electron signals taken during an irradiation test are effectively corrected using laser monitor runs taken during the same data taking period. 1-4244-0561-0/06/$20.00 ©2006 IEEE.
* S 1 6 n n z g M = i i t _ < T , A r 9 M t v a . S Z 9 t U t _ The photo-detectors must operate in the 4 T field and have gain because of the low light output of PbWO4. The avalanche photo-diodes (APDs) in the barrel were specially developed by Hamamatsu Photonics for CMS. Radiation-resistant vacuum photo-triodes will be used in the end-caps.
The on-detector electronics is custom designed in IBM CMOS 0.25 Fim technology. The photodetector signal passes through a 40 ns shaping preamplifier and then in parallel through amplifiers with gains of 1, 6 and 12 into multichannel 12-bit 40 MHz sampling ADCs to provide a dynamic range of 40,000. The pipelines which store the digitized data during the level 1 trigger latency are in a single ASIC for five channels. The same circuit also provides the energy sums for the trigger generation. Both DAQ and trigger data are transmitted to the counting room by an optical data link operating at 800 Mbit/s through optical fibers over a distance of about 100 m.
IV. PERFORMANCES
The ECAL calibration is a crucial point for the early discovery potential for new physics, as it enters directly in the constant term of the resolution. Several methods are applied to equalize the response before the start-up [5] , while in-situ ECAL will be continuosly calibrated with physics events [3] .
Performance tests on the final barrel supermodules are done with an electron beam in the CERN North Area [6] , [7] . The noise in the single channel has been measured to be around 40 MeV, as expected. No correlated noise is present after processing random trigger events by the signal amplitude reconstruction algorithm [8] . Detailed studies of the energy resolution as a function of the energy and of the impact point on the crystal face are going on. V0.3%.
For particles incident outside this central zone, a correction has been developed [9] . The correction is based on a function of the logarithmic ratios of the energy deposits in 3x3 matrices. This correction does not require external information on the impact point, and thus can be applied to photons. Using a correction function independent from the position and from the energy, and a beam spot of 20x20 mm , the resolution as a function of the energy shows a little worsening, still crossing the 0.5% level before 120 GeV, as shown in Fig. 4 . To evaluate the resolution for electrons incident on the full surface of the crystal, the beam was in turn centred on the centre of all crystals in a the 3x3 array, on all four corners of the central crystal, and on the edges between the nine crystals, as shown in Fig. 5 . The distribution of measured energies is presented in Fig. 6 for 120 GeV, showing that a high energy resolution of 0.5% is reached. ACKNOWLEDGMENT I wish to thank all the members of the CMS ECAL group whose work is behind this talk. 
